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Intertidal and Nearshore

Rocky Reefs

Daudi J. Msangameno

Zoanthids at the rocky shore of Ponta Mazondue, Inhaca Island, Mozambique. © José Paula.

INTRODUCTION

Rocky reefs: general overview and formation

Rocky shores and nearshore rocky reefs form extensive
habitats along several coastlines, being an important
marine biotope with considerable socio-ecological signifi-
cance (Raffaelli and Hawkins 1996). They arise as a result
of marine erosion of the over-burden and bedrock due to a
combination of sea level rise and wave action in areas
where there is low sediment supply (Ruwa 1996). These
natural habitats may be extended by a plethora of man-
made structures such as jetties, breakwaters, docks,
groynes, dykes and seawalls, which essentially function as
artificial rocky reefs (Crowe and others, 2000, Moschella
and others, 2005). The nature and properties of rocky
shores and reefs are primarily related to the mode of their
formation (Yorath and Nasmith 2001), with most being
comprised of limestone, basalt and granite. Their physical
properties such hardness and porosity vary, with limestone
and basaltic rocks being more porous than granite. This, in
turn, determines the patterns of settlement and establish-
ment of marine epibenthic organisms on them (UNEP/
Nairobi Convention Secretariat 2009). In many tropical
regions where such reefs are mostly formed from raised
fossilised coral, the rock may be pitted, cracked and/or
creviced. This creates heterogeneous environments with
numerous rock pools, overhangs, gullies and caves. How-
ever, in the arctic and cold temperate regions, such reefs

are often formed from glacial action and, hence, are mostly

dominated by boulders with deep interstitial spaces. In
spite of some uniformity within similar latitudinal settings,
rocky reefs are highly variable and, depending on local
geology, they can range from steep overhanging cliffs to
wide, gently-shelving platforms, and from smooth, uniform
slopes to highly dissected, irregular masses or even exten-
sive boulder beaches (Steffani 2000). Rocky reefs are,
therefore, rarely smooth slabs of rock, but are instead com-
plex environments which abound with cracks, crevices,
gullies and pools, creating special habitats with their own
sets of advantages and limitations (Raffaelli and Hawkins
1996).

Like other intertidal ecosystems, rocky reefs generally
occur at the interface of the land and sea, thus their physi-
cal and biological dynamics are influenced by both marine
and land-based processes (Underwood 2000). Intertidal
rocky reefs are open ecosystems, subjected to steep envi-
ronmental gradients (Thompson and others, 2002). Such
openness and their steep environmental variability create
multiple ranges of micro-habitats that support highly-
adapted and diverse assemblages of animal and plant life
(Menge and others, 1986, Raffaelli and Hawkins 1996, Ter-
lizzi and others, 2002, Johnson and others, 2003). As in most
intertidal habitats, physical factors (eg substratum type,
temperature, irradiance and wave action) and biological
processes (eg settlement, recruitment, predation and com-
petition) as well as their interactions determine the spatial
and temporal patterns of biological resources on rocky
reefs ("lerlizzi and others, 2002).
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Schematic representation of the main pathways of energy-biomass transfer in a typical rocky reef food web. NB: Arrow thickness and pattern
indicate the relative importance of the transfer between the different trophic compartments. Source: Steffani 2000.

Biological structures and patterns of resource
distribution in rocky reef habitats

The integrity of any marine ecosystem is a function of the
interactions between its various biological components rela-
tive to their trophic interdependencies. A proper under-
standing of such interactions is vital to predict future trends
in the health of an ecosystem (eg Griffin and others, 2008)
and, hence, its ability to offer vital ecological goods and ser-
vices. In describing the trophic structure of intertidal rocky
reef biota, species can be divided into functional groups
relative to their role in energy-biomass flows or their order of
ecological succession within the habitat. For instance,
Menge and Sutherland (1987) and Bruno and others (2003)
identify two such groups. They include primary and second-
ary space-holders. The former refer to primary producers
(macrophytes, benthic microalgae and cyanophytes) and fil-
ter-feeding epifauna, while the latter comprise mobile con-
sumers (grazers). It is worth noting that certain secondary
space-holders are also primary producers or filter-feeders

(Scrosati and others, 2011). However, in a more classical cat-
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egorization, benthic organisms can simply be grouped into
autotrophs, grazing herbivores, filter-feeders or predators
(Paine 1980). These functional groups form trophic levels
within the rocky reef food webs, connected by energy-bio-
mass transfer linkages whose strengths are regulated by bio-
physical factors such as degree of wave exposure, larval
supply and nearshore ocean circulations (Steffani 2000).
Simple models describing trophic relationships between
groups within rocky reef ecosystems are based on few
trophic levels, with primary producers and filter-feeders
occupying the base, herbivores the middle and predators the
top (Paine 1980, Menge and Sutherland 1987). However,
some authors have described such patterns of energy-bio-
mass transfer by emphasizing the division of transfer accord-
ing to the main pathways of energy entry into the secondary
compartments. Bustamante (1994), for instance, describes
two such entries that include the ‘herbivore’ and ‘filter-
feeder’ pathways (Figure 7.1). It is obvious from the model
that, while the herbivores depend directly on intertidal pri-

mary producers as a source of energy, filter-feeders use
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energy imported from the adjacent pelagic and subtidal eco-
systems (Bustamante 1994, Menge and others, 1997). Such
importation reflects the importance of the interconnectivity
between the marine biotopes in maintaining the ecological
functioning of the seascape.

Organisms on rocky reefs exhibit unique distribution
patterns in response to a range of factors operating at differ-
ent spatial scales (Menge and Sutherland 1987). Variations
in mesoscale factors such as large current systems and large-
scale temperature regimes may explain disparities at a bio-
geographical level (Bustamante and Branch 1996). However,
a suite of site-specific factors determine patterns of species
distributions in the local setting. Environmental stress
related to physical attributes, such as wave exposure, insola-
tion, temperature, aspect, substratum type, as well as a range
of biotic factors often lead to the development of character-
istic species zonation on most rocky reefs (Stephenson and
Stephenson 1972). The adaptive ability of organisms to
withstand prolonged atmospheric exposure during low tide
largely determines their relative position along the shore
height axis (Underwood 1981, Thompson and others, 2002).
The following broad zones can therefore be distinguished
on a typical intertidal rocky reef: the supra-littoral zone (lit-
toral fringe), upper eulittoral zone and the lower eulittoral
(sublittoral zone) (Lewis 1964), with the mid-shore gener-
ally having the greatest species diversity, whilst the lower
shore those most prolific. Although physical parameters are
the primary determinants in establishing communities on an
intertidal rocky reef, biological processes such as facilitation,
competition, predation and grazing play an important role in
shaping the final species assemblages (Petraitis 1990, Stef-
fani 2000, Bruno and others, 2003, Coleman and others,
2006). For instance, while the bottom-up effect of physical
factors has long been known to directly set the upper limits
of species distribution on the upper shores, such limits are
mainly determined by top-down biotic processes such as
grazing on lower shores (Underwood and Jernakoff 1984,
Boaventura and others, 2002) and competition (Hawkins
and Hartnoll 1985). Jonsson and others (2006) have also
described the interaction of wave exposure and biological
processes (grazing) in determining the horizontal patterns of
species distribution on intertidal rocky shores.

T'he regulatory role of physical and biological factors in
biological zonation and the vertical limits of species distribu-
tion on intertidal rocky reefs may be rendered more com-
plex by the presence of rock pools. These conspicuous

components of many intertidal rocky reefs exhibit biological

characteristics that vary significantly from those found on
the surrounding emergent rock (Metaxas and Scheibling
1993). These include a significant enhancement of species
abundance and richness on intertidal rocky reefs (eg Firth
and others, 2013). Although the physical environment on the
rocky reefs is generally regulated by tidal cycles, fluctuations
in physical factors such as temperature are generally less
severe in pools than on the emergent rock. In turn, this ena-
bles extension of the upper limits of many species, making
the biological zonation less pronounced (Metaxas and
Scheibling 1993, Steffani 2000).

While a range of physical and biological factors have
been widely demonstrated to determine vertical patterns
(zonation) in species distribution on most intertidal rocky
reefs, their horizontal patterns have been largely linked to
the degree of wave exposure. Wave action plays a major role
in determining the nature and pattern of energy flows within
these habitats in terms of physical stress, as well as in mod-
erating the biotic interactions within communities (McQuaid
and Branch 1984, 1985, McQuaid and others, 1985, Menge
and Olson 1990, Emanuel and others, 1992) and, conse-
quently, the relative abundances of the various functional

groups within this ecosystem (McQuaid and Branch, 1985).

Rocky reefs in the WIO region

Rocky shores cover an area of about 3000 km? in the Indian
Ocean (excluding the western Australian coast) (Wafar
2001). In spite of their seemingly limited extent, rocky
reefs form one of the most interesting coastal habitats in
the region. Such habitats are characterized by strong envi-
ronmental gradients at very small spatial and temporal
scales, thus exerting strong selective pressures which in
turn enhance species diversity and adaptation (LLubchenco
1980). Numerous forms of rocky reefs occur in the WIO
region, with the most common being limestone, sandstone
and granite (Ruwa 1996, UNEP/Nairobi Convention Sec-
retariat 2009). Pleistocene limestone outcrops are the main
rock formations in the region, being dominant in Madagas-
car, northern Mozambique, Tanzania and Kenya, with aco-
lianite dominating the northeastern and southern coasts of
South Africa and Mozambique respectively (eg Kalk 1995,
Ramsay and Mason 1990, Ramsay 1996). To a minor extent,
some rocky reefs on oceanic islands in the WIO are either
granitic or basaltic. A notable example of the former are
those found at Mahe in the Seychelles (eg Hill and Currie
2007). Basaltic rocky reefs are mostly found in Mauritius

and the Comoros. Some islands comprise atolls formed
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Examples of rocky reef formations at selected locations in the WIO region.

Location

Dar es Salaam (Tanzania)
Inhaca (Mozambique)
Maputaland (South Africa)
Durban (South Africa)
Seychelles

Mauritius

Kenya

Tulear (Madagascar)
Comoros

Northern Mombasa (Kenya)

Type of substrata

Limestone (Hartnoll 1976)

Sandstone (Kalk 1995)

Sandstone (Ramsay 1996, Ramsay and Mason 1990)
Sandstone (Martin and Flemming 1988)
Coral rock, granite (Ngusaru 1997)
Basalt, limestone (Hartnoll 1976)
Limestone (Ngusaru 1997)

Limestone (Hartnoll 1976)

Basalt (Ngusaru 1997)

Limestone (Ngusaru 1997)

Source: UNEP/Nairobi Convention Secretariat (2009).

from coral (eg Aldabra Atoll Seychelles) and have lime-
stone cliffs interglacial in origin (Ruwa 1996). Figures 7.2-
7.4 show some of the typical rocky reefs in the WIO region.

IMPORTANCE OF ROCKY REEF ECOSYSTEMS
IN THE WIO REGION

Intertidal rocky reefs have considerable ecological, socio-
economic and conservation value in the WIO region.
Together with other contiguous biotopes, they play a sig-
nificant role in sustaining coastal livelihoods and maintain-

ing the ecological integrity of the WIO seascape.

Ecological value

WIO rocky reef habitats abound with flora and fauna. Mac-
roalgae are one of the common features in such habitats,
especially on the lower shores and in rock pools. These
highly productive macrophytes provide a major source of
organic matter for other forms of marine life (Worm and
Lotze 2006). Together with seagrasses, macroalgae account
for up to 40 per cent of primary productivity in the coastal
zone (Charpy-Roubaud and Sournia 1990) and contribute
significantly to the global marine plant biomass (Smith
1981). They also fulfil crucial ecological functions such as
carbon storage and nutrient cycling (Borg and others, 1997,
Worm and others, 2000). The benthic-pelagic coupling
between such reefs and other nearshore ecosystems ensures
a constant interchange of biomass and energy (Menge and
others, 1997). For instance, sessile invertebrates, which char-
acteristically inhabit most rocky reefs, release large numbers
of eggs and larvae. These, in turn, form an important food
source for juvenile fish and other pelagic animal species,

enhancing the productivity of nearshore ecosystems by

ensuring a constant supply of energy up the food chain (Raf-
faelli and Hawkins 1996). Conversely, most filter-feeding
invertebrates typical of exposed rocky reefs play a major role
in energy importation from nearby ecosystems. Rocky reefs
also form extensive feeding, resting, spawning and nursery
areas for marine and terrestrial animals (Thompson and oth-
ers, 2000). During low tide, numerous species of coastal
birds and mammals forage on benthic molluscs and crusta-
ceans as well as fish, while during high tide, certain species
of visiting fauna (mostly fish) feed on invertebrates while
herbivorous fish graze on the plants (Borg and others, 1997,
Worm and others, 2000).

Socio-economic value

Intertidal rocky reefs are subject to varying degrees of sub-
sistence, commercial and recreational fishing in the WIO.
Seaweed collection is a common activity for many people.
Several species of macroalgae are collected for their eco-
nomic value, as they are used for the industrial production of
agar and carrageenan (Williams and Phillip 2000). Subsist-
ence and artisanal gleaning for invertebrates is also a com-
mon activity (Kyle and others, 1997, Msangameno pers.
obs.), with different species of whelks, limpets, abalones,
crabs, octopuses, mussels, chitons, sea urchins, barnacles and
rock oysters being collected for food as well as income
(Denny and Gaines 2007) (Figure 7.6). Spearfishing is also
common in rock pools and shallow intertidal lagoons
(Msangameno pers.obs.). Collection of certain sponges,
echinoderms and molluscs for medicinal and magical treat-
ment has also been reported (eg Kyle and others, 1997).
Although there are limited options in the region for in situ
farming, rocky reef species have become the mainstay of

profitable mariculture ventures elsewhere. For instance, the
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culture of mytilid mussels is practised in over 40 countries
(Denny and Gaines 2007) and could be introduced to the
WIO. Farming of stalked barnacles, abalone and oyster spe-
cies is also a common commercial practice in certain parts of
the region, namely on the south coast of South Africa at the
limit of the WIO region (eg Troelli and others, 2006).

Conservation value

Besides their ecological and socio-economic importance,

o) GAR

intertidal rocky reefs have considerable conservation value.
For instance, they are so rich in invertebrate fauna that
almost all phyla are represented in such habitats (Deep-
ananda and Macusi 2012). Their biodiversity and endemic
organisms, as well as ecological connectivity with other
coastal and marine ecosystems, make these highly complex
habitats worth conserving. Two case studies are presented
to illustrate the conservation potential of the intertidal

rocky reef habitats in the region (Boxes).

MACROBENTHIC ABUNDANCE AND DIVERSITY ON ROCKY REEFS
IN TWO TRANS-BOUNDARY AREAS IN THE WIO REGION

Gastropod feeding on zoanthid (left) and mixed zoanthid, sponge and algae (right) at Inhaca Island, Mozambique. © José Paula.

A nested approach was used to assess the abundance and
species composition of intertidal rocky reef flora and fauna
in two trans-boundary areas on the East African coast as part
of a biophysical assessment of key marine habitats in the
Trans-boundary Networks of Marine Protected Areas for
Integrated Conservation and Sustainable Development
(TRANSMAP 2011) project. These areas included the tropical
northern trans-boundary section (hereafter, NTA) of Tanza-
nia and Mozambique and the subtropical southern trans-
boundary area (hereafter, STA) of northern KwaZulu-Natal,
South Africa, and southern Mozambique. A photographic
record was used for community analysis of the macroalgae,
macrobenthos and macrofauna associated with the rocky

reefs at these localities.

General community composition

High macrobenthic abundances and diversity were encoun-
tered in the trans-boundary areas. Overall, the average cover
of sessile organisms was 30.6 per cent, with the STA having a
higher cover (53.4 per cent) than the NTA (7.6 per cent). The

average abundance of motile species was 183.7 individuals
m~2in the STA and 373.2 individuals m= in the NTA. In both
trans-boundary areas, highly diverse macrobenthic commu-
nities were found on the intertidal rocky reefs. In the NTA, a
total of 47 macrobenthic species were identified, including
17 sessile and 30 mobile species belonging to a total of 25
families, the majority of which (51 per cent) were molluscs. In
the STA, 17 species of mobile organisms were identified

within diverse taxonomic groups.

Macroalgal associations

An abundance and diversity of macrofauna were associated
with the algal communities in the two trans-boundary areas,
with the STA having a higher average abundance of 262.2
individuals m? compared to 156.0 in the NTA. This difference
was attributable to the higher algal cover and diversity in
the STA compared to the NTA. Such higher algal abundances
tend to enhance substratum heterogeneity, which in turn
creates micro-habitats which harbor diverse faunal assem-

blages.
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BOX 7.2.

Turbinaria and Ulva at Zanzibar southern shores. © José Paula.

A multivariate approach was used to analyse the species com-
position of three intertidal rocky reefs on the island of Zanzi-
bar(Msangameno 2013). Thisincluded ageneral macrobenthic
community analysis and an assessment of the benthic epi-
fauna associated with five macroalgal communities dominant
on the Island (dominated by Gracilaria, Chondrophycus, Ulva,

Halimeda or Turbinaria).

General community analysis

In total, 102 macrobenthic species were recorded on the
intertidal rocky reefs on the island, belonging to 49 families.
Of these, two thirds were sessile and one third motile. The
breakdown by major groups was as follows: Chlorophyta (14
species, 6 families), Phaeophyta (7 species, 2 families), Rhodo-
phyta (22 species, 11 families), Sea grasses (9 species, 2 fami-
lies), Arthropoda (2 species, 2 families), Cnidaria (6 species, 3
families), Mollusca (30 species, 17 families), Porifera (3 species,
1 family), Echinodermata (9 species, 5 families). The benthic
cover of sessile organisms (macrophytes and sedentary mac-

rofauna) was high across the reefs, averaging 25.8 per cent,

PATTERNS OF MACROBENTHIC ASSEMBLAGE WITHIN THE INTERTIDAL ROCKY REEFS
ON ZANZIBAR ISLAND, TANZANIA

and the abundance of motile macrofauna averaged 26.4 indi-

viduals m=2.

Macroalgal associations

A total of 130 species of macrofauna were found to be associ-
ated with the dominant algal communities on the intertidal
rocky reefs on the island. These belonged to 65 families of
most of the major macrofaunal groups: Mollusca (68 species,
37 families), Arthropoda (28 species, 8 families), Echinoder-
mata (20 species, 9 families), Annelida (3 species, 2 families),
Cnidaria (3 species, 3 families), Pisces (1 species, 1 family), Plat-
yhelminthes (2 species, 1 family), Porifera (1 species, 1 family)
and Sipuncula (4 species, 3 families). The average of these was
1013 individuals m? (range: 16 to 68 800). Differences in both
faunal abundance and diversity were evident among the
dominant macroalgal communities, with highest abundance
being recorded in Ulva-dominated communities and lowest
in those dominated by Halimeda. The Shannon diversity
(Shannon) was highest in Turbinaria-dominated communities

and lowest in Halimeda-dominated communities.
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THREATS TO THE INTERTIDAL ROCKY REEF
ECOSYSTEMS IN THE WIO

The provision of ecological goods and services by rocky
reef habitats is constantly threatened by natural and
anthropogenic pressures at different scales. Since rocky
reefs comprise one of the harshest marine environments
(Crowe and others, 2000), the biological communities in
their habitats are, therefore, able to withstand significant
levels of natural stress. This capacity is nonetheless com-
promised when large increases in human-induced distur-
bances are superimposed on the natural stress (Addessi
1994, Lindberg and others, 1998). The following are some
of the important threats to the integrity of rocky reef eco-

systems in the region.

Resource overexploitation

Their relatively rich resources, easy accessibility and the
typically low cost fisheries they attract (Peschak 2006),
make such habitats extremely vulnerable to resource
overexploitation. A number of examples have been
reported in the region on the impact of over-exploitation
resulting in reduced resource abundance on rocky reefs
(eg Newton and others, 1993). Overharvesting of these
resources may also have a profound impact on the func-
tioning and integrity of the rocky reef ecosystems, not
only in terms of the direct effects on populations of the
targeted species but also in terms of habitat destruction
and recruitment failure, leading to a cascade of impacts
on the associated ecosystems. Large-scale modifications
of the community composition due to selective species
overexploitation have been widely reported worldwide
(eg Siegfried 1994, Denny and Gaines 2007). A notable
example in the region was recorded in South Africa (Sieg-
fried 1994) in which over-exploitation of intertidal inver-
tebrates by subsistence collectors transformed a
filter-feeding community into a stable coralline algal com-
munity. The impact of resources overharvesting on rocky
reef ecosystems becomes more pronounced when key-
stone species are involved (Little and Kitching 1996).
These comprise top predators with multi-level trophic
interactions, whose impact on the prey community struc-
ture is disproportionately large relative to their biomass
(Navarrete and Menge 1996). Since they play a major role
in preventing species dominance, and thus enhance co-
existence and diversity, their depletion leads to negative

changes within benthic biological communities (Lind-

berg and others, 1998), threatening the ability of rocky
reef ecosystems to offer crucial ecosystem goods and ser-

vices on which coastal livelihoods are based.

Trampling

Human visits to rocky reefs negatively affect the biological
resources. Besides resource exploitation and pollution,
habitat disturbance due to human trampling may lead to
localised changes in species composition (Casu and others,
2006). For instance, a loss of abundance of several benthic
taxa due to such disturbance has been demonstrated,
including bivalves (Smith 2002), polychaetes (Brown and
Taylor 1999), macroalgae (Schiel and Taylor 1999), limpets
(Pombo and Escofet 1996, Dye 1998, Roy and others,
2003), sea stars and octopuses (Ghazanshahi and others,
1983), snails (Roy and others, 2003), crabs (Murray and oth-
ers, 1999) and barnacles (Brosnan and Crumrine 1994).
The impact of trampling can be direct or indirect, the for-
mer referring to the effect of physical damage resulting in
dislodgement, mortality or general structural deformation
(Denny 1987) which increases the vulnerability of rocky
reef communities to natural stresses such as desiccation
and wave force, or to predation and competition (Brosnan
and Crumrine 1994, Brown and Taylor 1999). The indirect
effects of trampling include a loss of physiological effi-
ciency, such as reduced reproductive potential in certain
species (Denis 2003), or the competitive ability of other
species (Schiel and Taylor 1999). The most serious impact
occurs when trampling leads to a loss of habitat-providing
organisms. These are the sessile macrobenthos with which
other organisms are associated, and whose loss conse-
quently leads to the loss of the associated species (Gibbons
1991, Casu and others, 2006).

Pollution

Since, intertidal rocky reefs occur at the sea-land interface,
they are subjected to various forms of pollution within a
range of spatial and temporal scales, invariably impacting
their benthic resources. The impact of various forms of pol-
lution on rocky reefs has been documented by a number of
authors. Crowe and others (2000), for instance, have exten-
sively reviewed the effects of various types of pollution.
These include eutrophication, oil pollution, siltation, heavy
metal pollution, pesticide pollution, antifouling paints and
thermal pollution. Table 7.2 summarizes the potential
impact of various types of pollution on the rocky reef eco-

systems in the WIO region.
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Summary of the impact of pollution on rocky reef ecosystems.

Pollution type

Eutrophication

Qil Pollution

Siltation

Thermal pollution

Heavy metal pollution

Biocides

Microbial contamination

Source of pollutant

Natural sources e.g. animal droppings (Bosman
and Hockey 1988); sewage outfalls and agricul-
tural run-off (Raffaelli and Hawkins, 1996, Clark
and others, 1997)

Oil spills (Watt and others, 1993)

River discharge, shore erosion, sediment
re-suspension, atmospheric transport (Airoldi
2003); intertidal and pelagic detrital matter
(Fornos and others, 1992, Airoldi 2003); indus-
trial and domestic discharges (Eagle and oth-
ers, 1979, Kim and others, 1998); mining (Hyslop
and others, 1997); construction (MacDonald
and others, 1997); dredging (Eagle and others,
1979) and aquaculture (Holmer and others,
2001).

Thermal effluent from power plants (Airoldi
2000).

Denudation of ore-containing rocks and volca-
nism (Clark and others, 1997); sewage dis-
charge (Anderlini 1992); industrial discharge
and urban run-off (Clark and others, 1997)

Agricultural runoff and use of antifouling
paints (Airoldi 2000)

Municipal wastewater disposal, contaminated
surface and sub-surface runoff, contaminated
agricultural runoff, industrial effluent (Mong
and others, 2009, UNEP/Nairobi Convention
Secretariat 2009).

Impact on habitat and resources

Temporal and spatial changes in patterns in macrobenthic abun-
dance, biomass and diversity (Pearson and Rosenberg 1978);
transformation of stable benthic communities, e.g. replacement
of perennial macroalgae by blooms of ephemeral algae, diatoms
and cyanobacteria (Schramm 1996); increased frequency of ‘red
tide’ algal blooms (Hallegraeff 1993)

Complete or partial loss of macrobenthic diversity (Pople and
others, 1990, Jones and others, 1996)

Reduced species abundance (Littler and others, 1983, Saiz-Salinas
and Urdangarin 1994); transformation of certain rocky shores
assemblages (Branch and others, 1990); effects on larval settle-
ment, recruitment, growth and survival (Airoldi 2003).

Decline in algal biomass and diversity (e.g. Vadas and others,
1978).

Effects on growth of benthos such as mussels and fucoid algae
(Munda and Hudnik 1986), effects on larval development (Fichet
and others, 1998).

Effects on certain benthic species (e.g. Sarojini and others, 1989,
Lundebye and others, 1997).

Health risks to sea food (Fernandes 1996)

Introduced species

Rocky reefs, like other benthic marine habitats, are prone
to the effects of introduced alien organisms. This occurs
either through accidental transportation of propagules or
adult organisms as fouling on ships or in their ballast water
(Raffaelli and Hawkins 1996). Species may also be intro-
duced intentionally for aquaculture (Raffaelli and Hawkins
1996, Crowe and others, 2000, Haupt 2010). In most cases,
such introductions have not led to significant changes in
the original biological composition. However, their poten-
tial negative effects on benthic rocky reef communities
remain a reality (eg Haupt 2010). For instance, pathogens
introduced with alien species may find new hosts with no
natural resistance, with potentially permanent adverse

impacts (Crowe and others, 2000).

Climate change

Human exacerbation of the greenhouse effect has been
predicted to lead to a rise in atmospheric and ocean tem-
peratures and ultimately to changes in atmospheric and

oceanic dynamics. This global change is likely to have

enormous impacts on ecosystems (IPCC 1996), driving
shifts in the composition and structure of their natural
assemblages (Little and Kitching 1996, Sagarin and others,
1999, Helmuth and others, 2006, Hawkins and others,
2009). Recent climatic events are already affecting the sur-
vival, development, phenology, physiology and ecology of a
wide range of species within marine ecosystems (Walther
and others, 2002). The probable impact of global climate
change on intertidal rocky reef ecosystems can be mod-
elled around potential environmental alterations induced
by global warming and increased radiation (Steffani 2000),
resulting in sea level rise and changes in patterns in atmos-
pheric and ocean mass circulation. Table 7.3 summarizes
the potential impact of various aspects of global climate
change on the ecological integrity of intertidal rocky reef

ecosystems in the WIO.

Coastal development
Sixty per cent of the global population is estimated to
dwell along the coastline (I.indeboom 2002). The coastal

zone is also one of the most economically active areas, plac-

88 Regional State of the Coast Report

FinalRESOCR indd KR

15/00/18 1N5



7. Intertidal and nearshore rocky reefs

Table 7.3. Possible impact of global climate change on rocky reef ecosystems in the WIO.

Changes in biological composition in favour of more heat-resistant organisms (Barry and others, 1995, Stef-
fani 2000) ; effects on trophic interactions within benthic biological communities (Sanford 1999); genetic
range shifts in some species towards higher latitudes (Hijmans and Graham 2006, Ling and others, 2009),
local extinction of certain species (Helmuth and others, 2002, Hobday 2006).

Air and sea temperature rise

Submergence and eventual loss of biological assemblages, especially on flat reefs and wave-cut platforms
(Shackleton and others, 1996, Steffani 2000); upward displacement of benthic organisms on gentle sloping
rocky reefs (Shackleton and others, 1996, Kendall and others, 2004, Jackson and Mcllvenny 2011).

Sea level rise

Prevention of natural succession or recovery in benthic communities; reduction of habitat heterogeneity and
thus reduced species diversity (Sousa 1985); community transformation e.g. reduced abundance of perennial
species in favour of short-lived, fast-growing ephemerals (Steffani 2000).

Increased intensity and frequency
of storms

Changes in rates of settlement and recruitment of benthic organisms; changes in biotic interactions such as
predation, herbivory and competition (Menge and Sutherland 1987); reduced productivity due to changes in
patterns of nutrient and plankton supply (Menge and others, 1997).

Changes in ocean circulation
or nearshore current systems

Loss of sand-intolerant species; increased dominance by sand-tolerant species; reduced diversity within ben-

CiangEsinsedimenteypamics thic communities (Littler and others, 1983).

Reduced rate of calcification in calcareous benthos e.g. certain species of crustaceans, molluscs, echino-
derms and coralline algae ; impairment of physiological and developmental processes in many benthic spe-
cies, especially in the early life history stages (Havenhand and others, 2008, Gaylord and others, 2011); shift in
the structure, dynamics and productivity of biological communities.

Ocean acidification

Habitat degradation due to increased runoff, sedimentation and eutrophication (e.g. Justi¢ and others, 1996,

Increased precipitation Airoldi 2003).

EFinalRESOCR indd R0

ing enormous pressure on marine and coastal environ-
ments. This has been compounded by uncoordinated and
poorly managed coastal zone development (Fraschetti and
others, 2011). Activities such as coastal construction have
been shown to adversely affect biological resources in
many intertidal habitats, including rocky shores. For
instance, the construction of certain structures for sea
defences interferes with key oceanographic and biological
processes essential to maintenance of the integrity of such
ecosystems (Miller and Sternberg 1988, Bertasi and others,
2009). These include the interruption of the supply of
recruits, nutrients and planktonic food. Increased urbaniza-

tion, which is a key feature of coastal development, may

also increase the rate of pollution (Terlizzi and others,
2005), which may in turn increase habitat degradation or
loss, biological instability and alterations in connectivity.
Although the construction of sea defences associated with
major coastal development may provide additional habitat
for rocky shore species (Moschella and others, 2005), the
diversity on such artificial substrata is usually lower than on

natural reefs (Firth and others, 2013)

CONCLUSION AND IDENTIFICATION OF GAPS

Rocky reefs provide significant ecological goods and ser-

vices in the WIO region. Their role in supporting the eco-

Table 7.4. Possible underlying causes for the degradation of rocky reef ecosystems in the WIO, the perceived current status of their resources, possible
socio-ecological impacts of ecosystem change, and potential or desirable responses to these changes.

- Globalization

- Population growth

- Climate change

- Inadequate governance
- Poverty and inequality
+ Changes in land use

« Generally these ecosys-
tems still support exploita-
tion of their resources (albeit
on reduced biomasses), but

current trends in habitat

- Migration degradation threaten this
« Tourism development capacity
- Pollution

« Natural disasters

- Inadequate education
and lack of awareness

« Invasive species

- Resource overexploitation

- Habitat degradation

- Transformation of benthic
biological communities

- Loss of biodiversity

and species extinction

+ Health hazards

- Reduced life expectancy

- Global conventions and agreements

« National policies and legislation

« Education and awareness programmes

- Establishment of MPAs and no-take zones
« Economic empowerment and livelihood
diversification

- Effective coastal zone management

- Hotspot identification through increased
research effort

- Sustained observation and long-term
monitoring
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Some aspects of rocky shore and their exploitation at the WIO. (a) Mission Rocks, Kwa-Zulu Natal, South Africa, (b) highly exposed and wave
beaten rocky cliffs in Black Rock, Kwa-Zulu Natal, South Africa, (c) Ponta Mazondue, Inhaca Island, Mozambique, (d) sand-inundated rocky shores in
Mtwara, Southern Tanzania, (e) southern shores of Zanzibar Island, Tanzania, (f) northern shores of Mauritius, (g) collecting ascideans at Inhaca, and (h)
octopus in Cabo Delgado, Mozambique. © David Glassom (a-b), José Paula (c, f-h), Daudi Msangameno (d-e).
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logical productivity of other nearshore marine habitats
with which they are interconnected is even more import-
ant. There are real and emerging threats to the integrity
of rocky reef ecosystems in the region, emanating mostly
from the impact of anthropogenic activity. If these threats
continue unabated, they may significantly compromise
the ability of such systems to support both coastal liveli-
hoods and the ecological functioning of the WIO seascape
at a range of scales. Holistic attempts to address key
aspects of the management of intertidal and nearshore
marine habitats in the region have been initiated and
implemented to some extent at various levels. However,
significant challenges remain. One of the most obvious
shortcomings in the current approach to seascape man-
agement lies in an inadequate understanding of the vari-
ous drivers of change within marine ecosystems, including
the intertidal rocky reefs. There has been a paucity of
research on the ecological and anthropogenic processes

that govern biological resources in these habitats. With
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